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AERODYNAMIC CHARACTERISTICS OF THRKH! LEEP-STEP 
PLAHUG-TAIL FLYING--BOAT HUIIS 
By John M* Rlehe and Rodger L. Naeseth 


SUMMARY 


^ Inyestlgatlon vae made to determine tlie aerodynamic characterlB- 
tics in the presence of a vlng of three deep-step planlng-tall flylng- 
hoat hiills /idilch differed only In the amoimt of step fairing. The hulls 
were derived by increasing the unfalred-step depth of a planlng-tall 
hull of a previous aerodynamic Investigation to a depth of about 92 percent 
of the hull beam. For the picrpose of congoarlson, tests \Tere also made of 
a transverse-step hull with an extended afterbody. 

The Investigation indicated that the transverse -step hull -with 
extended afterbody had about the same minimum drag coefficient, O.OO 66 , 
as a conventional hull and an angle^of -attack range for Tninimurn drag of 
3° to 5°» The hull with a deep unfaired step liad a minimum drag 
coefficient of 0 . 0057 ^ 'dilch was 1 ^ percent less than the transverse- 
step hull with exten^d afterbody^ the hulls with step fairing had up 
to percent less minimum drag coefficient than the transverse-step 
hull. Longitudinal and lateral Instability varied little with step 
fairing and was about the same as for a conventional htill. 


INTRODUCTION 


In view of the requirements for increased range and speed in flying- 
boat designs, an Investigation of the aerodynamic characteristics of 
flying-boat hulls as affected by hull dimensions and hull shape has been 
conducted at the Langley Laboratory of the NACA.. The results of one 
phase of the Investigation, presented in reference 1, have ihdicated that 
substantial drag reductions can be obtained on planlng-tail flying-boat 
hulls If proper step fairings are Incorporated on the hull. In the 
present investigation, exploratory tests were made to determine 'vdiether 
further drag reductions ml^t be obtained on this type of hull by 
deepening the step and, therefore, reduo Ing the skin area. 

Unpublished data from tests in Langley tank no. 2 have indicated 
that the three deep-step huille of the present investigation would have 
satisfactory hydrodynamic characteristics. 
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For the pxnrpose of con^arlson, tests vere also made of a transv«*se- 
step hull vlth extended afterbody* 

As In the previous aerodynamic Investigation of planlng-tall hulls 
(reference 1) all hull aerodynamic characteristics determined InclMe the 
effect of Interference of toe suppcorb vlng* 


COEFTICOTTS AND SYMBOIS 


The resiilts of toe tests are presented as standard NACA coefficients 
of farces and moments. EoUlng-moment, yavlngmament, and pltchlng- 
moment coefficients are given aboTit toe location (vlng 30“percent-chard 
point) shown in figure 1. Except idiere noted, the vlng area, mean 
aerodynamic chord, and span used In determining the coefficients and 
Eeynolds numbers are those of a hypothetical flying boat described In 
reference 2* The data are referred to the stability axes, tolch are a 
system of axes having their origin at toe center of momenta shown In 
figures 1 and 2 and in tolch* the Z*axls is in the plane of symmetry and 
perpendicular to the relative wind, toe X-eodLs is in the plane of 
symmetry and perpendicular to toe Z-axls, and toe Y-axis is perpendicul ar 
to the plane of symmetry. The positive direction of toe stab^lty axes . 
are shown In figure 3« 

The coefficients and symbols are defined as follows: 
lift coefficient (Llft/qS) 
drag coefficient (Drag/qS) 
drag coefficient based oh volume v of hull 

drag coefficient based on maximum cross-sectional area A of hull 
(Drag/qA) 

drag coefficient based on sitrface area M of hull (Drag/qW) 
lateral-force coefficient (Y/qS) 
rolling-moment coefficient (L/qSb) 

Cjjj pitching-moment coefficient (M/qSc) 

yawlngmoment coefficient (N/qSb) 


^Drag/qv^/^^ 


Cl 

Cd 

V 

% 


Si 


i 


Lift = -Z 

Drag = -X when i = 0 


NACA EM No . lBl27 


X force along X-axi8> pounds 

Y force along Y-axis, pounds 

Z force along Z-axis, pounds 

L rolling moment, foot-pounds 

M pitching moment, foot-pounds 

N yawing moment, foot-pounds 

q. free -stream dynamic pressiire, pounds per square foot 

S wing area of —-scale model of hypothetical flying 

10 

hoat (18.264 sq ft) 

c wing mean aerodynamic chord of -^-scale model of 

hypothetical flying "boat (1.377 ft) 

h wing span of scale model of hypothetical flying 

boat (13.971 ft) 

V air* velocity, feet per second 

p mass density of air, slugs per cubic foot 

a angle of attack of hull base line, degrees 

ijr angle of yaw, degrees 

E Beynolds number, based on wing mean aerodynamic chord 

of -i-scale model of hypothetical flying boat 

XvJ 

rate of change of pitching-moment coefficient with angle 
' of attack 

rate of change of yawing-moment coefficient with angle of yaw 
rate of change of lateral-force coefficient with angle of yaw 
Subscript: / 

min minimum 


u 
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MOHEL AND APPAEATTS 


The deep'Step hull lines of Langley tank models 221E, 221G, and 22XF 
■were dra-wn hy the Langley barodynamics Dl-vlslon hy increasing the step 
of hull 221 B of reference 1 from a depth -which was 23 percent of the hull 
beam to a depth 92 percent of -the hull beam and by maintaining the same 
hel^t at -the stenqpost* The -transverse -step hull wi-th extended afterbody 
(Langley tank model 203 vlth extended afterbody) -was the same as 
Langley -tank model 203 of reference 2 -wi-th the exception of stempoat 
location afterbody angle of keelo Dimensions of the hulls are given 
In figures 1 «rid 2 and tables I -to IV^ sketches of the deep-et^ 
fairings are given in figure U. 

The test model -was -the same one used in the investigation of 
reference 1 | -transfonnation from one hull to ano-ther -was facilitated by 
cutting the underpart of the model and replacing interchangeable blocks 
corresponding to each step-fali*lng condition* The h-uU and inter- 
changeable blocks were of laminated-mahogany construction and were 
finished with plgnented. varnish* 


The volumes, surface areae^ maximum cross-sectional areas, and side 
areas for -the h-uUs are ftornpared in -the -following -tablet 


Hull 

Volume 
(cu in*) 

Surface area 
(sq*ln*) 

Maximum cross- 
sectional area 
(sq in*) 

Side 
area 
(sq in*) 

203 extended 
221E 
2210 
221P 

13,338 

10 , 351 ^ 

I 0 , 90 h 

11,502 

4^7 

4l64 

4217 

4314 

H H H H 

1845 

1512 

1568 

1636 


The hull -was attached to a wing which was mounted horliontally as 
shown in figure 5* The wing (^ich -was the same as -that of reference 1) 
was set at mi angle of Incidence of on all models, had a ^-inch 
chord, was of MCA U 321 airfoil section* 


TE3IS 

Test Conditions 


The tests -were made in the Langley 300 MER 7" ^>7 10"foot tunnel at 
dynamic pressures of approximately 25 , 100^ and 170 pounds per square foot 
^rrespondlng to alr^eeds of 100, 201, anP274 miles per hour, respec^ely* 
Beynoldfl nmiberB fctr these airspeeds, hased on the mean aerod^n:iamic chord 
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of the hypothetical flyliig boat, vere approxljnately 1*30 x 10^, 

2«50 X 10°, and 3*10 x 10°, respectively. Carresponding Mach numbers 
vere 0.13, 0 . 26 , and 0 . 3^8 • 


CoirectionB 

Blocking corrections have been applied to the wing-alone data and to 
the wlng-and-hull data. The, hull drag has"1)een corrected for horizontal- 
buoyancy effects caused by a tunnel statlc-pressxxre gradient. Angles of 
attack have been corrected for structural deflections caused by aero- 
dynamic forces. 


Test Procedure 

The aerodynamic characteristics of the httlls with Interference of 
the support wing were determined by testing the wing-alone and the 
wlng-and-hull combinations under similar conditions. The hull aero- 
dynamic coefficients were thus determined by subtraction of wing-alone 
coefficients from wlng-and-hull coefficients. 

Teats were made at three Reynolds numbers. The data at the hl^er 
Reynolds numbers were limited to the angle -of -attack range shown because 
of structural limitations of the STq)poirt wing. 

In order to minimize possible errors resxating from transition 
shift on the wing, the wing transition was fixed at the leading edge by 
Tnanna of rougbness Strips of carborundum particles of appro xim ately 
0.008-inch diameter. The particles were applied for a length of 
8 percent airfoil chord measured along the airfoil contour from the 
leading edge on both upper and lower strfaces. 

Hull transition for all tests was fixed by a strip of 0.008-inch- 
dlameter carborundum i>artlcles 1/2 inch wide and located at approximately 
5 percent of the hull length aft of the bow. All tests were made with 
the support setup shown in figure 5» 


EE9UITS AND DISCUSSION 


The aerodynamic characteristics of the deep-step planlng-tail 
hulls in pitch are presented in figure 6) aerodynamic characteristics in 
yaw are given in figure 7. The aerodynamic characteristics Of Langley 
tank model 203 vith extended afterbody in pitch and yaw are presented 
in figures 8 and 9, respectively. 

Langley tank model 203 with extended afterbody had a minimum drag 
coefficient of 0.0066, which is about the same as for a conventional 
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hull of the same over-all length-'heam ratio (reference 2) ; the angle-of- 
attack range for inlnlimm drag extended, from 3° to 5°« 


The hull vlth the unfaired deep step, model 221B, had a minimum 
drag coefficient of 0.0057 >dilch vas lU percent less than the hull vlth 
extended afterbody or a conventional hull* Can^>arlson of the drag 
results of hull 221B vlth those of hull 221B of reference 1 Indicates 
that Increasing the step from a depth 23 peircent of the h\iU beam to 
92 percent of the htiU beam resulted In a drag coefficient reduction 
of 12 percent. The hull vlth the fairing \dilch had elements approaching 
straight lines, model 221F, had a minimum drag coefficient of 0.0037i 
according to unpublished data a streamlined body having approximately 
the same Imigth and volume and the same vlng Inteirference Imd about 
25 percent less minimum drag. The Importance of proper step-fairing 
design In reducing aerodynamic drag on deep-st^ planlng-tall hulls 
is shovn by the larger value of drag coefficient, 0.00U5, for hull 221G 
vlth the concave step fairing. The drag coefficient for this h\iU con- 
figuration vas aboitb 32 percent less than the hiiU vlth extended after- 
body, >di«reae h\xU 221P vlth the fuller fairing vas about UU percent less. 


Tuft studies of the step part of the hvills (fig. 10) Indicate that 
the lover drag for the hulls vlth step fairing results from the elimi- 
nation of separation \dilch occurs on the sides of the unfaired deep-step 
hull. 


Mlntrnm drag coefficients based on (volume) 


2/3 


cross-sectional area / and on s\ipfabo area 


min 


(%} 


min 
min 


, on maximum 
are 


presented in table T along vlth mlnlmxmi drag coefficients based on hypo- 
thetical vlng area* These data indicate that hull 2211* had the least 
drag fcr a unit volume and for \mit surface areas. 


It shoxild be noted 'vdien comparing the results of this paper vlth 
the results of hulls tested alone that subtraction of vlng-alone data 
fjrcm vlng^UJd— hull data, the method used to determine the hull-6ind-ving ■ 
interference data In this paper, results In a lover minimum drag coefficient 
because of negative vlng interference drag. This characteristic residts 
because an appreciable part of the stq^port vlng vas enclosed by the hull 
and shielded from the air stream. Unless this favorable interference 
effect is considered ^en comparisons ‘ are made vlth other h\ill-drag or 
fuselage-drag data, the drag coefficients tabulated herein, especially 
, may seem abnormally lov* 

'min 


fuse; 


As vlth the planlng-tall hulls of a previous investigation 
(reference 1), the angle -of -attack range for mlnlmm drag occurred from 
about 3° to 
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Longitudinal and lateral instability, as sho-vm/by the 
parameters and (-table V), varied little -with step 

fairing and was about -the same as for a conventional hull or for a h\ill ■ 
•with extended afterbody. 


In order to compare the results of these tests -with results of 
investigations made of other hulls and f-uselages, the parameters Kj., 


SC 


nf 


ySf, and as derived from references 3 , and 5, 


respectively, are also Included in table V. The parameter K^ 
is a fuselage moment factor, in the form of hC-^ha. based on hull beam 
and length -vdiere a is in radians. The ya-wlng-moment coefficient C 


in Sc 


nf 




nf 

is based on volume and is given about a reference axis 0.3 


is based on hull side 


hull length from the nose. The parameter SC^^Sp 

area and length, -vdiere the yawing moment is also given about a reference 
axis 0.3 hull length from the nose and p is given in radians. 


Instability as given by the parameters SCjj^. 'j 
closely -wi-tli values given in references and 5» 


S’fr ' and Sc 


n/5l5 


agreed 


CONCLOSIQNS 


The results of tests to determine the aerodynamic characteristics 
of three deep-step planing-tall flying-boat hulls vdiich differed only in 
the amoxuit of step fairing and, for p-urpose of comparison, of a transverse 
sten hull -with an extended afterbody indicated the following conclusions: 

1 . The transverse-step hull with extended afterbody had about the 
same minimum drag coefficient, 0.0066, as a conventional hull. 

2 . The planing-tail hull -with a deep unf aired step had a minimum 
drag coefficient of 0.0057, about ll^ percent less -than a transverse-step 
hull; "the hulls with step fairing had up to 4 b percent less minimum drag 
coefficient than a transverse -step hull. 

3. The angle-of -attack range for minimum drag -was generally 
bet-ween 3° Qi^d 5° for all planing-tail hulls tested. 



4. Longitudinal and lateral inetatillty was the same for all 
planing-tail hulls was about the same as for the transverse-etep 
hull. 


Lan^ey Memorial Aeronautical Laboratory 

national Advisory Committee for Aeronatlcs 
Tenney Field, Va., October 6 , 19*^7 
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Figure 2.- Lines of Langley tank model 203 with extended afterbody. 







Figure 3.- System of stability axes. Positive values of forces, 
moments, and angles are indicated by arrows. 
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Figure 4.- Langley tank models 221E, 221G, and 221F tested in 
Langley 300 MPH 7- by 10-foot tunnel. 
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Figures.- Concluded. 




Figure 7. - Aerodjmamic characteristics in yaw of 
models 221E, 221G, and 221F. a = 2°; R 2 1 
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Figure 9.- Aerodynamic characteristics in yaw of Langley tank 
model 203 with extended afterbody, a = 2°; R ft 1.3 x 10®. 
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(a) Langley tank model 221E; a= 2°. 



(b) 'Langley tank modeL 22 IG: a = 2®. 



(c) Langley tank model 221F; a = 4°. 

Figure 10.- Tuft studies of Langley tank models 221E, 221G, and 221F. 
Tests were made with models mounted on single strut support. 






